Abstract. In order to further determine the optimal size of the bionic surface, the bionic surface panel model of the FEM solid element and the soil model of the SPH particle were built by using SolidWorks and ANSY/LS-DYNA softwares to simulate the movement of the bionic surface panel on the soil. The simulation results of the traction of the bionic surface panel and the stress distribution of the soil were analyzed. The results showed that the traction changes tended to be stable and vary slightly around 102N. Comparing with the experiment, it was found that the changes of traction in the simulation were consistent with the experimental results, and the relative error of the maximum traction was less than 20%. The simulation of the motion of the bionic surface panel on the soil can reduce the cost and time consumption of the experiment, and provide a theoretical basis for the design of the bionic pile tip of the anti-flood spiral pile.
Introduction
There is surface resistance between relatively moving objects, such as soil mechanical parts, due to the soil adhesion and increased resistance, cannot work efficiently [1] . However, soil animals move freely in the soil and are not clay. Through researches by Ren Luquan [2] et al., Surface of soil animals have corrugated, links-like or irregular changes, and there are many small protrusions, meshes or ribs on the soil-engaging component. These different geometric non-smooth body surfaces are one of the main reasons that soil animals have the function of reducing soil adhesion [3] . According to the non-smooth surface morphology of soil animals, Li Jianqiao [1] et al. designed a bionic non-smooth pear wall with better scouring soil and abrasion resistance ,compared with ordinary pear wall. In order to develop the anti-flood bionic spiral pile, Lv Youjie [4] et al. treated bionic surface on spiral blades of the anti-flood spiral pile and simulated with ANSYS. Zhang Dianwu [5] et al. observed the ant's compound eye surface and carried out the bionic surface panel orthogonal test to obtain the optimal bionic surface size, but lack of finite element simulation of bionic surfaces moving on the soil.
In this paper, using the finite element software such as ANSYS/LS-DYNA, combined with the non-smooth surface research results, the FEM-SPH coupled model of the bionic surface panel is built to simulate the motion of the bionic surface panel on the soil, which provides designed theoretical basis of bionic pile trip for the anti-flood spiral pile.
Finite Element and Contact Analysis of Bionic Surface

FEM-SPH Coupled Algorithm
The FEM algorithm is similar to the SPH algorithm process. Both of them are based on the mechanics theory interpolation calculation of the continuum. However, the FEM algorithm dispersed the continuum into elements of continuous action, while the SPH algorithm dispersed the continuum into interacting particles [6] . Generally, the approximate field function of the SPH algorithm is expressed by integral method, and the integral sum of kernel estimate of adjacent SPH particles is obtained. The kernel function of the SPH particle is defined as Π hf(x) = ∫f(y)W(x-y,h)dy (1) Where W is a smooth kernel function.
Where h is the smooth length, where D is dimension, where θ(x) is auxiliary function, and where W(x,h) is strong spike function.
The auxiliary function is defined by 3 B-spline curves.
2≤ |u| Where C is a normalized constant ,and where u is an independent variable. The smooth kernel function W is an even function [7] and needs to satisfy the following conditions:
The first condition is the normalization condition.
The second condition is that it has a Dirac function property and the smooth length tends to zero.
The third condition is the tight support condition.
W(x − x′, h) = 0. |x − x′| > κh (6) Where κ is the constant associated with the smooth function at point x. Solid junction-surface contact (TIED-NODES-TO-SURFACE) can achieve the coupling of FEM and SPH [8] . SPH particle fixation is constrained on the FEM grid element [9] , and the force between the SPH particle and the FEM element is passed by penalty function constraints [10] [11] .
The Process of Contact between the Bionic Surface Panel and the Soil
In the process of sinking piles, the anti-flood spiral pile is driven by the downward pressure to break the pile tip into the soil. Then, under the torque of the hydraulic motor clockwise, the spiral pile is screwed in the soil to complete the sinking operation. Obviously, this process has large deformation and large damage problems [12] , then the soil adopts SPH model, and the spiral pile adopts FEM model. The process of screwing the spiral pile tip into the soil can be simplified by a certain amount, and converted into a process of moving the bionic surface panel on the soil under a certain pressure.
Buildup of FEM-SPH Finite Element Model
Build the Solid Model
Three-dimensional models of the bionic surface panel and the soil were built in the three-dimensional graphics software SolidWorks. Since the overall model is a symmetrical structure, only the 1/2 model need be built, which can greatly shorten the simulation time. The sizes are 75x300x10 and 100x700x10, in millimeters, and the bionic surface panel model and the soil model were saved in a file format such as parasolid.
Grid Dividing
The bionic surface panel model and soil model were imported into the ANSYS Workbench for material assignment and meshing. The material selection was commonly used for Q235 steel. The material properties are elastic modulus 2.1x10 11 , Poisson's ratio of 0.3, and density of 7.85x103kg/m3. This paper uses the FEM-SPH finite element model, as shown in Fig. 1 . Since only the 1/2 model was built, when loading a vertical downward load on the bionic surface panel, only half of the 180N was loaded. Then set the solution time t=1.7s, the value unit of the output file is m, kg, s, and exported the K file. 
Model Definition Loading
In the LS-prepost, the SPH Generation function was used to transform the soil FEM grid into the meshless particle of SPH, as shown in Fig. 2 . As a flexible material that is highly susceptible to large deformations, SPH provides higher precision and lower computation time. The soil material was given the No. 5 material *SOIL AND FOAM, and the soil material parameters are shown in Table 1 .The bionic surface panel was a FEM finite element model, which was given the above Q235 parameters and set as a rigid body. In this contact analysis, the SPH soil particles were evenly distributed, and the FEM-SPH soil model was loaded with SPC constraints. Except for the upper surface as the contact surface and the symmetry plane to load the symmetry constraint, the other surfaces were loaded with fixed constraints; the non-reflective boundary condition (NON-REFLECTING) was added to simulate the actual vast soil. The bionic surface panel moved at the uniform speed. During the whole process, the upper surface of the bionic surface panel was loaded with vertical force F N , and the vertical force was kept constant, and the gravity acceleration was applied. The bionic surface panel was applied with *PRESCRIBED MOTION RIGID forced displacement, and the horizontal displacement was 300 mm. Finally, the contact relationship between the bionic surface panel and the soil was defined. The point-to-face contact form was adopted [13] . The sliding interface penalty factor was 0.2, the static friction coefficient was 0.6, and the dynamic friction coefficient was 0.54. Fig. 3 is a complete diagram of the conditional loading of the bionic surface panel-soil model.
FEM-SPH Simulation Results
After solving with ANSYS/LS-dyna, the data related to the motion of the bionic surface panel was obtained by using LS-PREPOST post-processing. Fig. 4 shows the Von Mises nodes stress diagram at different times during the contact process of the bionic surface panel. It can see the node stress, the maximum strain node and the stress change of each node. It can be seen from Fig. 4 that when t=0.64 s, the stress was mainly distributed behind the bionic surface panel and the stress on both sides of the motion path is the largest. The soil in front of the bionic surface panel movement is only slightly stressed. When t=1.04s, the distribution of stress and maximum stress does not change much, but the value was reduced, and the soil stress in front of the bionic surface panel movement increased. Analyzing the reason, the bionic surface panel was subjected to vertical pressure before the movement, and the bionic surface pressed and compacted the soil; the bionic surface panel moved the soil to form the gully, but the middle bionic surface was staggered to destroy the formation of the gully, then the soil intermediate stress was small and the lateral stress is large. a) t=0.64s b) t=1.04s The curve of the traction of the bionic surface panel loaded with horizontal displacement under a certain vertical load with time is shown in Fig. 5 . It can be seen from Fig. 5 that there is a large fluctuation in the early stage of the traction process, which causes a great change in the traction, and then the traction tends to be stable with only minimal fluctuations. The reason for the analysis may be that the bionic surface panel had not been completely pressed into the soil by the vertical load, and the sudden forced displacement caused the bionic surface panel to produce severe undulations, then it is smoothly dragged by the traction. When the motion of the bionic surface panel was stable, the traction fluctuation range was not large, and the value jumped up and down at 102 N, and the average value was 102 N. 
Experiment Verification
In order to verify the rationality of the simulation results of the FEM-SPH coupled algorithm, the experiment requirements were consistent with the simulation scheme, and the data was measured by the instrument and compared with the experimental data. The trolley provided the required traction F, and the weights provided a vertical pressure F N . The trolley and the bionic surface panel were connected by the CLBS3 type tension and pressure sensor, and the rated load was100kg. The tension and pressure sensor measured the data and sent it to the connected RA1200 dynamic strain gauge for dynamic test. The test index was the traction F. The test system was shown in the fig. 6 . In the experiment, the material of the bionic surface panel is Q235 steel with a size of 150X300X10, and the unit is mm. In order to prevent the bionic surface panel from being pressed into the soil by the vertical load, the surface of the panel is over-rounded with R8. The Spherical crown on the bionic surface panel was formed by the steel ball after the wire cutting process, and it has the diameter of 25 mm and the height of 2 mm. During the whole experiment, the weight of weights was 180N and the moving speed V of the trolley was 0.2m/s. The soil used in the experiment was local soil with a soil moisture content of 24.1%. Each experiment was repeated 5 times, and the average value was taken as the test result. Fig. 7 is a partial experiment physical diagram. a) bionic surface b) sensor placement and loading 8 is a comparison of the experiment curve and the simulation curve of the traction F. The variation of the experiment curve in the early stage was huge, and eventually it tent to stabilize the small-scale change. The reason for the analysis may be that the bionic surface panel was compacted in the soil by the weight, and it is necessary to overcome the large static friction to achieve the movement. When the bionic surface panel had a certain speed, the traction F will then decrease and remain at about 100N. Considering that the test conditions are not ideal, it is quite different from the previous changes in the simulation curve. Compared with the bionic surface panel simulation, the simulated traction F result was slightly larger than the experiment result, and the relative error of the maximum simulated traction was less than 20%, and had the same trend as the experiment result. The simulated traction tends to experiment results with time, and it has certain reference value. The correctness of the orthogonal experiment results is verified and the bionic surface panel has good function of reducing soil adhesion in soil movement, which provides a reference for studying the structural parameters of the bionic surface spiral pile tip.
Conclusions
The results of bionic surface panel simulation by FEM-SPH algorithm show that the FEM-SPH coupled algorithm can effectively solve the large deformation problem such as soil crushing and fracture, and truly reflect the soil change process during bionic surface panel movement.
By comparison with the experiment, it can be seen that the variation trend of the traction F in the simulation is similar to the experiment result, and the relative error of the maximum value of the traction F is less than 20%, so the simulation has certain reference value. The simulation of the motion of the bionic surface panel on the soil can reduce the experiment cost and shorten the experiment time, and provide the basis for the design of the bionic pile tip for the anti-flood spiral pile.
